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Introduction 28
Recently, bioelectrochemical systems (BES) such as microbial fuel cells (MFC) and is generated if a suitable resistive load is located between the two electrodes. Thirdly, the 40 electrons at the cathode react with a soluble electron accepting species (e.g. oxygen, nitrate) 41 which becomes reduced. Similar to a hydrogen fuel cell (e.g. proton exchange membrane fuel splitting phenomena could lead to as high as a 6 pH units difference between the two 48 electrodes (Clauwaert et al. 2008) , hence severely stifling the driving force of the system (i.e. dosing or addition of a concentrated buffer (e.g. phosphate buffer) is not feasible for large-4 scale application, although these methods are effective in laboratory trials (Cheng et al. 2010 ).
53
A loop-concept has been described as a mitigation strategy for the aforementioned pH 54 limitation during MFC operation, where the acidified anodic effluent of a MFC served as the 55 influent for the cathode in a two-compartment configuration (Freguia et al. 2007 ). However, 56 the obligatory requirement of mechanical recirculation of wastewater throughout the system 57 against gravity may limit process scale-up (Clauwaert et al. 2009; Freguia et al. 2007 ).
58
Here, a new BES configuration, rotatable bioelectrochemical contactor (RBEC) is 59 described and evaluated for its capacity to convert soluble organics directly into electrical 
Materials and Methods

74
Construction of the RBEC Reactor
Operation as a Microbial Fuel Cell for Electricity Generation
184
The described reactor was constructed and operated as a fed-batch MFC reactor for 185 about two months. To generate electricity, the submerged anodic half disk of the RBEC must anodic half-reaction.
198
To determine which of the two half-reactions was stimulated by the developing contactor disks which facilitates mass transfer of oxygen to the previously submersed biofilm.
212
Contrarily, the RBEC is based on electron transfer instead of mass transfer: The oxidizing 213 power from the oxygen exposed headspace half disk (cathode) is provided to the submersed 214 biofilm by electron flow which does not require rotation of the disk.
215
To quantify the COD removal via electron transfer from the submersed to the air-216 exposed half disk, the effect of allowing electron flow (with a 2 Ω external resistor) on COD 217 removal rates was recorded (Figure 2 transfer by rotation (disks were rotated one turn every 15 min at one rpm to approach RBC 221 operation) ( Figure 2C ).
222
It is noteworthy that in the above experiment a significant level of COD was degraded 
Sequential Flipping the Electrode Disks allows Alternate Current Generation
233
It has been shown that a BES biofilm could catalyze both anodic substrate oxidation 
237
The same concept was tested here with the RBEC. The disks were intermittently rotated by 238 180° ("flipped" every 1h) such that each half disk was alternately exposed to the wastewater 239 and the air ( Figure S1 ). The RBEC was operated with this flipping action for 1 week.
240
The result showed that the intermittent-flipping action could reverse the polarity of 241 current (ranged from -6.7 to +7.5 mA) ( Figure 3A ). When current was interrupted (open 242 circuit), the intermittent-flipping resulted in a 2.5-fold increase in COD removal rate 243 compared to the control without rotation (from 0.32 to 0.79 kg COD·m -3 ·d -1 ) ( Figure 6B ).
244
Since the biofilm was alternately exposed to the wastewater and air, under anaerobic 
Sequential Half Rotation Inversed Polarity of the System and alleviated the 277
Continuous Cathode Alkalization
278
To establish a suitable biofilm capable of catalyzing both anodic acetate oxidation and 279 cathodic oxygen reduction on both half disks (i.e. reversal of polarity), the potentiostatic 280 process was modified such that the disk was only rotated for half a turn (180 o ) instead of a full turn (360 o ) ( Figure 5 ). Each half disk could serve as a submerged anode and an air-282 exposed cathode intermittently. After a few days operation, the original "air-exposed half 283 disk" (cathode) gradually became more capable of catalyzing the anodic acetate oxidation,
284
resulted in an overall accelerated COD removal. At 51, 61 and 92 h, the COD oxidation rates 285 were 0.60, 0.88 and 1.31 kg COD·m -3 ·d -1 , respectively ( Figure 5A ).
286
The cathodic oxygen reduction consumes protons according to equation:
The localized pH at the cathode disk was expected to increase over time. 
294
Before a flipping event (from 5 to 65 min), the cathode pH (disc 1) increased from 7.0 to 9.0 295 and the cathode potential became more negative (-74 mV/pH). Similar trend of cathodic 296 alkalization was observed for the opposing half disks (from 65 to 125 min). After another 297 flipping event (at 125 min), the half disks that were original alkalized had became neutralized.
298
The continuous build-up of alkalinity at the air-cathode could thus be avoided.
300
Energy Evaluation and Implications of the Electrochemically Assisted RBEC process
301
It may seem defeating the purpose of treating wastewater in a microbial fuel cell that 302 requires additional energy input to overcome the cathodic overpotential. However, the actual 303 energy requirement of the potentiostatic RBEC process appears to be comparable with 304 conventional activated sludge (AS) processes ( Rotatable disk divided into a lower anodic and upper cathodic halves 455
Intermittent disk flipping established biofilms at both disk halves and allowed polarity inversion 456
Alternating anodic and cathodic catalysis alleviated the typical pH imbalance limitation 457 RBEC as MFC yielded net electricity but input of extra power further increased current and 458 COD removal 459
